INTRODUCTION
============

Obsessive-compulsive disorder (OCD) is a common psychiatric disorder characterized by intrusive thoughts, repetitive acts and/or compulsive behaviors with a lifetime prevalence of 2.3% \[[@b1-pi-2020-0124],[@b2-pi-2020-0124]\]. Especially, OCD behaviors involve the cognitive dysfunction and poor memory. There are many neuro-functional studies \[[@b3-pi-2020-0124]-[@b8-pi-2020-0124]\] on the abnormal brain activity with memory dysfunction, particularly in the strategic memory processing \[[@b3-pi-2020-0124]-[@b5-pi-2020-0124]\]. In general, patients with OCD tend to over-focus on details and miss the larger context, leading to memory impairment \[[@b6-pi-2020-0124],[@b7-pi-2020-0124]\].

A recent functional connectivity study \[[@b9-pi-2020-0124]-[@b11-pi-2020-0124]\] suggested that the cognitive dysfunction in OCD patients is possibly related to the abnormal neural interactions within brain circuits associated with neurocognitive endophenotypes. Also, brain morphometric studies \[[@b12-pi-2020-0124],[@b13-pi-2020-0124]\] showed a correlation of the brain volume changes and psychiatric symptom severity. Recently, Moon et al. \[[@b7-pi-2020-0124]\] used a combined study with functional magnetic resonance imaging (fMRI) and voxel based morphometry (VBM) to demonstrate the identical brain areas showing low functional activities and brain volume reduction. From the knowledge of the previous studies \[[@b3-pi-2020-0124],[@b4-pi-2020-0124],[@b6-pi-2020-0124]-[@b8-pi-2020-0124],[@b12-pi-2020-0124],[@b13-pi-2020-0124]\], we assumed that altered brain activity and functional connection and morphometric abnormality are closely associated with OCD symptom and its severity.

In current study, therefore, we performed the neuroimaging studies on the explicit memory task using MR-based multimodal techniques including fMRI, task-induced functional connectivity and VBM to assess the associations of neurofunctional activation pattern, functional connectivity and morphometric change in connection with clinical symptom severities represented by Yale-Brown Obsessive-Compulsive Scale (Y-BOCS), Hamilton Depression Scale 17 (HAMD-17) and Hamilton Anxiety Scale(HAMA) in patients with OCD.

METHODS
=======

Subjects
--------

Forty right-handed subjects included twenty patients with OCD (mean age, 29.4±9.9 years), who are diagnosed by a psychiatrist using the DSM-IV-TR \[[@b14-pi-2020-0124]\], and 20 healthy controls (mean age, 29.7±8.3 years) with no history of neurological or psychiatric illness. The duration of patient's illness was 5.8±4.7 years ([Table 1](#t1-pi-2020-0124){ref-type="table"}). Out of 20 patients, eight patients received a single psychotropic medication including escitalopram (n=6) and fluvoxamine (n=2), while twelve patients received multiple psychotropic medications including anxiolytics: alprazolam (n=5), buspirone (n=1) and clonazepam (n=2); antidepressants: escitalopram (n=11), and fluvoxamine (n=1); atypical antipsychotics: amisulpride (n=3) and paliperidone (n=1). Written informed consents were obtained from all the participants before the study. The Institutional Review Board (IRB) of Chonbuk National University Hospital in Korea approved the study protocol (IRB File No: 2016-05-024, 2019-07-016).

Clinical interviews
-------------------

All the participants underwent the clinical interviews using Yale-Brown Obsessive-Compulsive Scale (Y-BOCS; ten items with five level scale, cutoff score \>7), Hamilton Depression Scale 17 (HAMD-17; 8 items with five-level scale and nine items with three level scale, cutoff score \>7) and Hamilton Anxiety Scale (HAMA; 14 items with a five-level scale, cutoff score \>14). The difference of symptom severity in both groups was analyzed by Mann-Whitney U test.

Paradigm for brain activation
-----------------------------

The activation paradigm consisted of the following cycle: rest (14s), first encoding (18s), rest (14s), first retrieval (18s), rest (14s), second encoding (18s), rest (14s), second retrieval (18s), and rest (14s) ([Figure 1](#f1-pi-2020-0124){ref-type="fig"}). In the rest periods, two fixation crosses were displayed. In each encoding period, six different two-syllable words were displayed for 3s per each slice. In the retrieval periods, the words mixed with old (showed in encoding period) and new were randomly presented. The participants were instructed to press the button if the presented word is old word. All of the words were displayed on a computer monitor using Superlab Pro software (Cedrus Co., San Pedro, CA, USA).

Data acquisition
----------------

MRI scanning was performed on a 3 Tesla Magnetom Verio MR Scanner (Siemens Medical Solutions, Erlangen, Germany) with an 8-channel birdcage type of head coil. Anatomical T1-weighted images were acquired using a three-dimensional magnetization-prepared rapid acquisition gradient-echo sequence with repetition time (TR)/echo time (TE)=1,900/2.35 ms, field-of-view (FOV)=22×22cm^2^, matrix size=256×256, number of excitation (NEX)=1 and slice thickness=1 mm. Functional images were acquired from a total of 25 axial slices parallel to an anterior commissure to posterior commissure line using a gradient-echo echo planner image (GRE-EPI) with the follow parameters: TR/TE=2,000/30 ms, flip angle=90°, FOV=22×22 cm^2^, metrix size=64×64, NEX=1, and slice thickness=5 mm without a slice gap.

Data processing and statistical analysis
----------------------------------------

### Functional brain mapping

Functional imaging data was analyzed using the SPM12 software (Wellcome Department of Cognitive Neurology, London, UK). The image data were reconstructed using am optimized protocol described in our previous study \[[@b15-pi-2020-0124]\]. To analyze the group difference of brain activation underlying memory task, a two-sample t-test was performed in the encoding and retrieval condition (p\<0.001 with a cluster size of \>30 contiguous voxels).

### Functional connectivity

The fMRI and structural MRI data were processed using CONN-fMRI FC toolbox (ver.17e) with the SPM12. First, all functional images were realigned and unwrapped, slice-timing corrected, coregistered with structural data, spatially normalized into the standard MNI space (Montreal Neurological Institute, Canada), outlier detected and smoothed using a Gaussian kernel with a full-with-at-half maximum (FWHM) of 8mm. Structural data were segmented into the gray matter (GM), white matter (WM) and cerebrospinal fluid (CSF), and normalized to remove temporal confounding factors. The effect of nuisance covariates, including fluctuations in fMRI signals from WM, CSF and their derivatives, as well as realignment parameter noise, was reduced by using anatomical component-based noise correction method (aCompCor) \[[@b16-pi-2020-0124]\]. Band-pass filtering were performed with a frequency window of 0.01--0.1 Hz. To analyze the functional connectivity, we conducted a region of interest (ROI)-to-ROI FC analysis. We specified six spherical clusters with 5mm diameters and peak coordinates based on fMRI results. The ROIs were located in the inferior temporal cortex (ITC; right: x=48, y=12, z=-40, left: -44, -18, -22), medial prefrontal cortex (MPFC: -10, 54, 20), dorsolateral prefrontal cortex (DLPFC: -28, 38, 20), anterior cingulate cortex (ACC: 14, 34, 22) and caudate (Cd: 6, 8, 2). General linear model (GLM) was used to measure the correlation of oxygen-level-dependent (BOLD) time series between the seed area and ROIs observed in fMRI. Significant connections were identified by calculating the uncorrected two-sided p-value \<0.005.

### Brain volumetric difference

The structural image data were post-processed using the SPM8 program with DARTEL-based VBM analysis following the procedure described in our previous study \[[@b12-pi-2020-0124]\]. Alterations in GM and WM volumes in patients with OCD and healthy controls were assessed by the independent two-sample t-test with multiple comparisons using family wise error (FEW at p\<0.05).

RESULTS
=======

Demographic characteristics and symptom severity
------------------------------------------------

The demographic information and symptom severity of patient with OCD and healthy controls are described in [Table 1](#t1-pi-2020-0124){ref-type="table"}. There are no differences between the two groups in terms of age, gender distribution, and length of education. Compared with controls, OCD patients showed higher scores in all symptom scores.

Differential brain activation patterns
--------------------------------------

Differential brain activation patterns for the encoding and retrieval epochs between OCD patients and healthy controls are shown at [Figure 2](#f2-pi-2020-0124){ref-type="fig"}. Also, the predominantly activated brain areas in the two groups are summarized in [Table 2](#t2-pi-2020-0124){ref-type="table"}. Compared with healthy controls, OCD patients showed higher activities in the right/left (Rt/Lt) inferior temporal gyrus (ITG), medial prefrontal cortex (MPFC), dorsolateral prefrontal cortex (DLPFC) and anterior cingulate cortex (ACC) during the memory encoding epoch (p\<0.001). In the memory retrieval period, only the caudate (Cd) was predominantly activated in patient with OCD (p\<0.001). It should be noted that OCD patients show none of the specific brain areas with lower activities relative to healthy controls ([Figure 2](#f2-pi-2020-0124){ref-type="fig"}).

Correlation of BOLD signal changes with symptom severity
--------------------------------------------------------

In patients with OCD, the BOLD signal change of the Cd was positively correlated with Y-BOCS scores (r=0.478, p=0.033) ([Figure 3](#f3-pi-2020-0124){ref-type="fig"}). However, no correlation was observed in healthy controls. Pearson's correlation coefficients were satisfied with the critical value as r=0.444 at p=0.05 (two-tailed test).

Functional connectivity
-----------------------

Task-induced functional connectivity was observed during the explicit memory task. In the encoding period, OCD patients showed positive connectivity in the Cd, DLPFC and ITG, while healthy controls showed positive connectivity of Cd-ACC and Rt. ITG-Lt. ITG (p\<0.005). In the retrieval period, the Cd, DLPFC and vmPFC are positively connected to each other in OCD, but the same brain areas were negatively connected in healthy controls by contrast (p\<0.005) ([Figure 4](#f4-pi-2020-0124){ref-type="fig"}, [Table 3](#t3-pi-2020-0124){ref-type="table"}).

Regional volume difference
--------------------------

[Figure 5](#f5-pi-2020-0124){ref-type="fig"} shows volume differences of the GM and WM in patients with OCD vs. healthy controls, in which the highlighted brain areas showing significantly increased brain volumes are summarized in [Table 4](#t4-pi-2020-0124){ref-type="table"}. Patients with OCD showed significantly higher GM volumes in the cerebellum (Cb), DLPFC, orbitofrontal cortex (OFC), hippocampus (Hip), Cd and ITG (FWE p\<0.05, excluded 30 voxels). However, higher WM volume was observed in the DLPFC only in OCD patients relative to healthy control. It should be noted that remarkable volume reduction of either of GM or WM was not observed in OCD patients.

Correlation between GM volume change and symptom severity
---------------------------------------------------------

[Figure 6A](#f6-pi-2020-0124){ref-type="fig"} shows a positive correlation between GM volume change of the left OFC and Y-BOCS scores in OCD patients (r=0.525, p=0.017). Also, the regions of left OFC (r=0.533, p=0.016) and right Cd (r=0.458, p=0.042) were positively correlated with HAMA scores, respectively. Pearson's correlation coefficients were satisfied with the critical value as r=0.444 at p=0.05 (two-tailed test).

DISCUSSION
==========

Numerous conventional studies \[[@b3-pi-2020-0124],[@b5-pi-2020-0124],[@b12-pi-2020-0124],[@b15-pi-2020-0124]\] have been reported the structural and/or functional abnormalities in memory tasks in patients with OCD. In the current study, we utilized the multimodal combination of neuro-functional activity, functional connectivity and morphometry to evaluate the brain structural and functional abnormalities in connection with memory processing impairment and OCD symptom severity. Here, we assumed that OCD symptoms are probably associated with morphological deficits and abnormal brain activation and neurofunctional connectivity. In this study, patient with OCD showed significantly higher activities in the Lt./Rt. ITG, vmPFC, DLPFC and ACC during the memory encoding epoch, while only the Cd was markedly activated during the retrieval epoch in memory task ([Figure 2](#f2-pi-2020-0124){ref-type="fig"} and [Table 2](#t2-pi-2020-0124){ref-type="table"}). In addition, the functional connectivity patterns of OCD patients were significantly different from those of healthy controls. During the encoding period, OCD patients showed positive connectivity of DLPFC, Cd and Rt. ITG, whereas healthy controls showed different patterns of the positive connectivity in the Cd-ACC and Rt. ITG-Lt. ITG. During the retrieval period, OCD patients showed positive connectivity composing of Cd, DLPFC and vmPFC. On the contrary, healthy controls showed negative connectivity in the same areas ([Figure 4](#f4-pi-2020-0124){ref-type="fig"}, [Table 3](#t3-pi-2020-0124){ref-type="table"}). As for the volumetic comparison between the two groups, OCD patients showed significantly increased volumes of GM (Cb, DLPFC, OFC, Hip, Cd and ITG) and WM (DLPFC) ([Figure 5](#f5-pi-2020-0124){ref-type="fig"}, [Table 4](#t4-pi-2020-0124){ref-type="table"}). Here, it is important to note that abnormal brain activation of Cd and volumetric deformation of OFC and Cd are significantly correlated with clinical symptom severities in OCD patients ([Figures 3](#f3-pi-2020-0124){ref-type="fig"} and [6](#f6-pi-2020-0124){ref-type="fig"}).

It is well known that OCD symptoms arise from the abnormal neural activity in the cortico-striato-thalamocortical (CSTC) circuitry which is a network involving ACC/vmPFC (affective and reward processing), DLPFC (working memory and executive function), OFC (motor and response inhibition), striatum and thalamus \[[@b17-pi-2020-0124]-[@b20-pi-2020-0124]\]. Our findings shown in [Figure 2A](#f2-pi-2020-0124){ref-type="fig"}, [4](#f4-pi-2020-0124){ref-type="fig"} and [5](#f5-pi-2020-0124){ref-type="fig"} support the fact that the CSTC pathway is closely linked with the pathogenesis of OCD. Together with predominantly increased brain activities in vmPFC, DLPFC and ACC, the differential functional connectivities of Cd - DLPFC (in OCD patient) and Cd - ACC (in healthy control) are presumably associated with functional abnormality in the CSTC circuit in OCD patients. Among the brain areas mentioned above, the DLPFC and OFC showed higher volumes in OCD patients relative to healthy controls. Many other morphometric studies \[[@b12-pi-2020-0124],[@b21-pi-2020-0124],[@b22-pi-2020-0124]\] have reported that altered volume difference of DLPFC in OCD patients is a pivotal evidence for the OCD symptoms.

The temporal lobe consists of substructures that are involved in the role of declarative or long-term memory function. Patients with OCD showed abnormal activity in the temporal areas during memory performance \[[@b15-pi-2020-0124],[@b23-pi-2020-0124]\]. Especially, memory encoding and maintenance processes are implemented through modulation of the inferior temporal activity by the prefrontal cortex \[[@b24-pi-2020-0124]\]. Moreover, morphometric studies \[[@b13-pi-2020-0124],[@b25-pi-2020-0124]\] revealed the differential brain volumes and thickness in ITG between OCD patients and healthy controls. In our current study, remarked abnormalities of the brain activation and functional connectivity were observed in ITC during the memory encoding performance in OCD ([Figures 2A](#f2-pi-2020-0124){ref-type="fig"} and [4A](#f2-pi-2020-0124){ref-type="fig"}). In addition, an increase of the GM volume of the ITG was observed in this study ([Figure 5A](#f5-pi-2020-0124){ref-type="fig"}). These findings may be connected with the evidence that OCD symptoms contribute abnormal neuronal mechanism on the processing of memory modulation and integration.

In comparison with the memory encoding, the memory retrieval step showed different activation pattern ([Figure 2B](#f2-pi-2020-0124){ref-type="fig"}) and functional connectivity ([Figure 4B](#f4-pi-2020-0124){ref-type="fig"}) in OCD patients. Also, the patients show the increased GM volume of Cd ([Figure 5A](#f5-pi-2020-0124){ref-type="fig"}). In this area, both of the BOLD signal changes ([Figure 3](#f3-pi-2020-0124){ref-type="fig"}) and GM volume changes ([Figure 6C](#f6-pi-2020-0124){ref-type="fig"}) are positively correlated with the OCD symptom severities of Y-BOCS and HAMA, respectively. The Cd plays a role in procedural learning and memory retrieval, and its impairment may lead to abnormal processing of behavioral sequences generated by the frontal subcortical circuits that have been hypothetically existed in OCD \[[@b26-pi-2020-0124]-[@b30-pi-2020-0124]\]. There are many other studies \[[@b31-pi-2020-0124]-[@b35-pi-2020-0124]\] demonstrating that alteration of Cd volume and abnormal functional activation are associated with symptom severity in OCD. Also, it was reported that continuous psychiatric symptoms more than five years give rise to the increased brain activation and abnormal functional connectivity, inducing the poor memory performance \[[@b8-pi-2020-0124]\].

Another interesting finding in our study is that patients with OCD showed increased GM volumes in the Hip and OFC ([Figure 5A](#f5-pi-2020-0124){ref-type="fig"}). Hippocampal region and OFC play an essential role in memory encoding and retrieval \[[@b15-pi-2020-0124],[@b36-pi-2020-0124]\]. Especially, the OFC is a central region for emotion and social regulation, which is specifically vulnerable to stress, leading to brain volume change \[[@b37-pi-2020-0124],[@b38-pi-2020-0124]\]. In addition, correlations were found between the volumes of the OFC and Y-BOCS \[[@b39-pi-2020-0124]\]. Consequently, such neuroscientific findings support the evidence that the OFC in OCD is associated with memory dysfunction and regional volume changes. The brain volume change and its correlation with psychiatric symptoms in OFC are confirmed in our study ([Figure 6A](#f6-pi-2020-0124){ref-type="fig"} and [B](#f6-pi-2020-0124){ref-type="fig"}).

In the present study, GM volumetric change of the Cb observed in patients with OCD seems to be associated with its psychopathology ([Figure 5A](#f5-pi-2020-0124){ref-type="fig"}). A meta-analysis study \[[@b21-pi-2020-0124]\] reported that inhibitory controls affect the decreased brain activation and increased GM volume of Cb in patients with OCD.

There are several limitations in our study. First, the memory accuracy was not measured and its correlation with brain activation was not analyzed. Future studies are needed to clarify this issue. Secondly, the influence of medication on brain functional and morphometric changes was not excluded. To compensate this week point, further studies including pharmaceutical effect and treatment duration are needed. Thirdly, we performed only the task-induced functional connectivity study. Therefore, this study provides limited information on how the specific brain regions in a network cooperate in doing a memory cognitive task. A combined study with resting-state functional connectivity would be recommended to aid our understanding of the neural mechanism on the OCD.

In conclusion, we believe that the combined use of the neuro-functional activity and local functional connectivity as well as morphometric study will be helpful to understand the neuroanatomical and functional mechanism on abnormal memory processing in connection with OCD symptom severity in patients with OCD. Also, the functional and morphological profiles of Cd should be emphasized for the evaluation of the abnormal processing in memory in connection with OCD symptoms.
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![fMRI paradigm for brain activation in memory encoding and retrieval task.](pi-2020-0124f1){#f1-pi-2020-0124}

![Brain areas predominantly activated in patients with OCD relative to healthy controls during memory task: encoding epoch (A) and retrieval epoch (B), resulting from the two-sample t-test (uncorr., p\<0.001). Box-plots show the medians, interquartile ranges, highest and lowest values for BOLD signal intensities of corresponding brain areas. The color bar represents the t-value. Rt./Lt. ITG: right/left inferior temporal gyrus, vmPFC: ventromedial prefrontal cortex, DLPFC: dorsolateral prefrontal cortex, ACC: anterior cingulate cortex, Cd: caudate, L: left; R: right.](pi-2020-0124f2){#f2-pi-2020-0124}

![The correlation between the Y-BOCS scores and BOLD signal changes of the caudate (Cd) in patients with OCD (r=0.478, p=0.033). The curved line bands mean 95% confidence intervals. OCD: obsessive-compulsive disorder, Y-BOCS: Yale-Brown Obsessive-Compulsive Scale.](pi-2020-0124f3){#f3-pi-2020-0124}

![Differential brain connectivity patterns between OCD patients and healthy controls during memory task: (A) encoding epoch and (B) retrieval epoch. Red lines represent increased functional connectivity strength and blue lines represent decreased functional connectivity strength (uncorrected p\<0.005). Details are described in Table 3. DLPFC: dorsolateral prefrontal cortex, ITG: inferior temporal gyrus, Cd: caudate, ACC: anterior cingulate cortex, vmPFC: ventromedial prefrontal cortex, L: left, R: right.](pi-2020-0124f4){#f4-pi-2020-0124}

![Brain areas showing significantly increased gray matter (A) and white matter (B) volumes in patients with OCD relative to healthy controls, which resulting from two-sample t-test (FEW, p\<0.05). Box-plots show the medians, interquartile ranges, and highest and lowest values for regional volumes (mL) of the following brain areas. Cb: cerebellum, DLPFC: dorsolateral prefrontal cortex, OFC: orbitofrontal cortex, Hip: hippocampus, Cd: caudate, ITG: inferior temporal gyrus, L: left, R: right.](pi-2020-0124f5){#f5-pi-2020-0124}

![The correlation of the symptom severity and gray matter (GM) volume changes in patients with OCD: (A) Y-BOCS scores vs. GM volumes in the orbitofrontal cortex (OFC), (B) HAMA scores vs. GM volumes in OFC and (C) HAMA scores vs. GM volumes in the caudate (Cd). The curved line bands mean 95% confidence intervals. OCD: obsessive-compulsive disorder, Y-BOCS: Yale-Brown Obsessive Compulsive Scale, HAMA: Hamilton Anxiety Scale.](pi-2020-0124f6){#f6-pi-2020-0124}

###### 

Characteristics of patients with OCD and healthy controls

                                OCD (N=20)   Controls (N=20)   p-value
  ----------------------------- ------------ ----------------- ---------------------------------------------------------
  Age (years)                   29.4±9.9     29.7±8.3          0.533^[\*](#tfn1-pi-2020-0124){ref-type="table-fn"}^
  Sex (male/female)             15/5         14/6              0.723^[†](#tfn2-pi-2020-0124){ref-type="table-fn"}^
  Handness (% right)            100          100               1.000
  Education (years)             14.6±1.9     14.7±2.5          0.780^[\*](#tfn1-pi-2020-0124){ref-type="table-fn"}^
  Duration of illness (years)   5.8±4.7      \-                \-
  Y-BOCS                        26.1±3.3     0.0±0.0           \<0.0001^[\*](#tfn1-pi-2020-0124){ref-type="table-fn"}^
  HAMA                          11.1±7.4     0.6±0.9           \<0.0001^[\*](#tfn1-pi-2020-0124){ref-type="table-fn"}^
  HAMD-17                       7.6±1.9      0.3±0.6           \<0.0001^[\*](#tfn1-pi-2020-0124){ref-type="table-fn"}^

Mann Whitney U test,

chi-square test.

Y-BOCS: Yale-Brown Obsessive Compulsive Scale, HAMA: Hamilton Anxiety Scale, HAMD-17: Hamilton Depression Scale 17

###### 

Predominantly activated brain areas during the course of encoding and retrieval in explicit memory task: patient with OCD vs. healthy controls (p\<0.001, t=3.32)

  Brain areas                               OCD \> controls   OCD \< controls                                         
  ----------------------------------------- ----------------- ----------------- ----- ----- ----- ---- ---- ---- ---- ----
  Encoding                                                                                                            
   Left inferior temporal gyrus (Lt.ITG)    4.31              -44               -18   -22   63    \-   \-   \-   \-   \-
   Right inferior temporal gyrus (Rt.ITG)   4.22              48                12    -40   43    \-   \-   \-   \-   \-
   ventromedial prefrontal cortex (vmPFC)   4.03              -10               54    20    53    \-   \-   \-   \-   \-
   Dorsolateral prefrontal cortex (DLPFC)   3.86              -28               38    20    31    \-   \-   \-   \-   \-
   Anterior cingulate cortex (ACC)          3.46              14                34    22    33    \-   \-   \-   \-   \-
  Retrieval                                                                                                           
   Caudata (Cd)                             5.52              6                 8     2     160   \-   \-   \-   \-   \-

OCD: obsessive-compulsive disorder

###### 

Localized group differences in network functional connectivity

  Brain areas   OCD \> controls                      OCD \< controls                                                                                                    
  ------------- ------------------------------------ ---------------------------------------- ----- ---- ----- ------ ------- ------- ----- ----- ----- ------- ------- -------
  Encoding                                                                                                                                                              
                Seed: caudate                        6                                        8     2                                                                   
                                                     Right inferior temporal gyrus (Rt.ITG)   48    12   -40   2.76   0.004   0.049   \-    \-    \-    \-      \-      \-
                                                     Dorsolateral prefrontal cortex (DLPFC)   -28   38   20    2.81   0.004   0.048   \-    \-    \-    \-      \-      \-
                Seed: anterior cingulate cortex                                                                               14      34    22                          
                                                     Caudate (Cd)                             \-    \-   \-    \-     \-      \-      6     8     2     2.79    0.004   0.049
                Seed: left inferior temporal gyrus                                                                            -44     -18   -22                         
                                                     Right inferor temporal gyrus (Rt.ITG)    \-    \-   \-    \-     \-      \-      48    12    -40   4.98    0.001   0.006
  Retrieval                                                                                                                                                             
                Seed: caudate                        6                                        8     2                                                                   
                                                     Dorsolateral prefrontal cortex (DLPFC)   -28   38   20    2.87   0.003   0.044   -28   38    20    -3.24   0.003   0.034
                                                     ventromedial prefrontal cortex (vmPFC)   -10   54   20    2.85   0.004   0.044   -10   54    20    -2.95   0.004   0.042

OCD: obsessive-compulsive disorder

###### 

Localized GM and WM volume differences between patents with OCD and Health controls (FWE, p\<0.05, t=5.37)

  Brain areas                               Maximum t-value   MNI coordinates   Voxels in cluster         
  ----------------------------------------- ----------------- ----------------- ------------------- ----- -----
  GM volume difference                                                                                    
   OCD \> control                                                                                         
    Cerebellum (Cb)                         10.16             -16               -90                 -43   434
    Inferior parietal conrtex (IPC)         7.68              -39               -50                 40    120
    Dosolateral prefrontal cortex (DLPFC)   6.41              -18               31                  40    63
    Orbitofrontal cortex (OFC)              6.26              -38               37                  -20   137
    Hippocampus (Hi)                        6.20              -21               -31                 0     175
    Middle temporal cortex (MTC)            5.85              -51               -41                 12    220
    Caudate (Cd)                            5.72              10                6                   18    87
    Inferior temporal conrtex (ITC)         5.83              -47               -54                 -8    80
   OCD \< control                                                                                         
    None                                                                                                  
  WM volume difference                                                                                    
   OCD \> control                                                                                         
    Dosolateral prefrontal cortex (DLPFC)   5.94              -20               -12                 61    163
   OCD \< control                                                                                         
    None                                                                                                  

OCD: obsessive-compulsive disorder, FWE: family-wise error
